. However, no mention was made regarding the role of the plastid in the biosynthesis of fatty acids in roots. We report here our findings on the subcellular localization, cofactor requirements, and products of fatty acid biosynthesis in pea root organelles and tissues.
Fatty acid biosynthesis and glycerolipid metabolism have been extensively studied in a variety of plant tissues and organelles, particularly leaves and developing or germinating oilseeds. Roots, however, have largely been ignored as a tissue for such studies.
A single noteworthy work by Mazliak et al. (6) investigated fatty acid biosynthesis in mitochondrial preparations from a variety of nonphotosynthetic tissues. Among these were the roots of broad bean (Viciafaba) and wolf bean (Lupinus albus). Although contrary to what is now generally accepted, these workers reported that plant mitochondria were capable of fatty acid biosynthesis and that such activity was dependent on the presence of suitable respiratory substrates and the usual cofactors for fatty acid biosynthesis (e.g. ATP, NADPH, CoA, etc.). However, no mention was made regarding the role of the plastid in the biosynthesis of fatty acids in roots. We report here our findings on the subcellular localization, cofactor requirements, and products of fatty acid biosynthesis in pea root organelles and tissues.
MATERIALS AND METHODS
Pea Germination. Pea seeds (Pisum sativum, cv Improved Laxton's Progress; Stokes Seed Co., St. Catharines, Ontario) were soaked overnight in running tap water. Imbibed seeds were surface-sterilized for 5 min in 5% (v/v) commercially obtained hy- ' Supported by grants A2273, E2554, and E2634 from the Natural Sciences and Engineering Research Council of Canada. pochlorite solution ('Javex'), thoroughly rinsed with sterile water, and allowed to germinate at 25°C in complete darkness under sterile conditions on filter paper moistened with 5-7 ml water in glass Petri dishes. Germination periods were 3 d for in vivo studies and 7 d for organelle isolations.
Tissue Homogenization and Cellular Fractionation. Ten to 20 g fresh weight of root tissue (from 80 g dry seed) varying from 2 to 5 cm in length were thoroughly homogenized in a chilled mortar and pestle until no intact tissue remained (approximately 5 min) in a homogenization medium consisting of 0.1 M Tricine buffer (pH 7.9), 0.46 M sucrose, and 1 mm dithiothreitol. The ratio of tissue fresh weight to volume of homogenization medium was 1 g to 2 ml. The homogenate was filtered through 2 layers of fine nylon cloth (0.25 x 0.25 mm openings) by gravity only. The filtrate thus obtained was essentially free from intact tissues and cells but did contain some cell wall and nuclear debris as judged by light microscopy. The crude filtrate was centrifuged at 5OOg for 5 min in a Sorvall SS-34 rotor. The 5OOg supernatant was carefully removed and centrifuged at 10,000g for 30 min in the same rotor. The 10,000g supernatant was then centrifuged at 100,000g in a Beckman L65 rotor for 1 h. Pellets of subcellular fractions were resuspended in a suitable volume (0.8-2.4 ml) of fresh homogenization buffer. All manipulations were performed on ice baths or at 4°C. The crude filtrate, resuspended pellets, and 100,000g supernatant were all used for enzymic analyses.
In 
RESULTS
The distributions of the total activities of fatty acid biosynthesis and marker enzymes among the subcellular fractions of pea root homogenates are shown in Table I . The patterns shown were essentially as expected. Seventy-eight percent of the total recovered activity for fatty acid synthesis occurs in the 5OOg pellet followed by 16% in the 10,000g pellet which corresponds to the recovery of particulate or pelletable triose phosphate isomerase activity (plastid marker). The large amount of triose phosphate isomerase activity associated with the 100,000g supernatant represents the cytosolic location of the same enzyme of the glycolytic pathway, which thus precludes any assessment of plastid intactness. Collectively, the data of Table I indicate that the 5OOg pellet consists primarily of plastids, the 100,000g pellet consists largely of endoplasmic reticulum, and the 10,000g pellet contains greater than 87% of the recovered mitochondria but is heavily contaminated with both plastics and endoplasmic reticulum. These results thus indicate that fatty acid synthesis in pea roots is localized primarily in the plastid.
The products of fatty acid synthesis by the crude homogenate and the 500 and 10,000g subcellular fractions of pea root homogenates are summarized in Table II . These fractions all synthesize primarily palmitate and oleate. The 10,000g fraction also synthesized a large proportion (40%) of stearate. Fatty acids synthesized by each of the subcellular fractions were recovered primarily as hydrolyzable, water soluble derivatives of the aqueous phase of the extraction (presumably acyl CoAs and acyl-ACPs), free fatty acids, and phospholipids (Table III) The principal phospholipids synthesized were phosphatidic acid, phosphatidylcholine, and phosphatidylethanolamine, with somewhat smaller amounts of phosphatidylinositol and phosphatidylglycerol.
The cofactor requirements for fatty acid synthesis by pea root plastids were also investigated. The results of these investigations are summarized in Table IV When measurable, the omission of various cofactors had little effect on the proportions of fatty acids synthesized (Table IV) . Most notably, however, the omission of either MgCl. or MnCl, both reduced the proportion of palmitate synthesized and increased the proportions of stearate and oleate synthesized, respectively. The omission of glycerol-3-phosphate also reduced the proportion of palmitate synthesized while increasing the proportion of oleate synthesized. In the absence of CoA, the amounts of palmitate synthesized were increased while the amounts of primarily stearate, and to a lesser extent oleate, were reduced. The effects of omitting reduced nucleotides on fatty acid synthesis were generally small except that the omission of NADH greatly reduced the levels of stearate accumulated. Last, the omission of NADH and glycerol-3-phosphate resulted in the synthesis of small amounts of a substance co-chromatographing in the region of palmitolenate. Table V , indicate that relatively intact pea roots rapidly incorporate exogenously supplied acetate into virtually the same fatty acids and in the same proportions as those synthesized by subcellular fractions of root homogenates. These were primarily palmitate, stearate, and oleate. Intact tissues also synthesized small amounts of longer chain fatty acids (20:0 and 22:0) but did not synthesize palmitoleate. There was little difference in the radioactive fatty acid compositions measured at the 1, 2, and 3 h incubation intervals except that the levels of stearate gradually declined from approximately 25 to 18%. In other studies (data to be reported elsewhere), fatty acids synthesized in vivo were associated with primarily phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol, phosphatidylinositol, and triacylglycerol. 
DISCUSSION
We report here for the first time the role of root plastids as the principal organelle of this tissue involved in fatty acid biosynthesis. Fatty acid synthesis in pea root plastids resembles that of virtually all other tissues studied (9, (15) (16) (17) (18) . ATP, bicarbonate, and either Mg2+ or Mn2+ are absolute requirements for activity, while CoA, reduced nucleotides, and glycerol-3-phosphate all improve activity but are not essential. The products of in vitro fatty acid synthesis were primarily palmitate, oleate, and stearate. The amounts of stearate accumulated, particularly in in vivo incubations, were generally higher than described for other systems (18) . This may reflect a somewhat decreased or (19) for spinach chloroplasts. The omission of glycerol-3-phosphate increased the levels of oleate synthesized which is a common observation shown by other workers also using spinach chloroplasts (7, 13) . Last, plastids heavily contaminated with mitochondria synthesized large amounts of stearate at the expense of decreased oleate accumulation. These results are very likely due to the depletion of available oxygen by mitochondrial respiration which is required for the desaturation of stearoyl-ACP to oleoyl-ACP (8, 11) . Fatty acids synthesized by excised root segments were similar to those of isolated root plastids except that small amounts of C2,1 and C.. fatty acids were also synthesized by root segments. However, in no case did the composition of radioactive fatty acids ever reach the same proportions as the mass of these fatty acids. The recovery of the products of fatty acid synthesis primarily in such glycerolipids as phosphatidic acid, diacylglycerol, phosphatidylcholine, and others suggests that pea root plastids are, at least in part, somewhat autonomous with respect to glycerolipid metabolism. Similar observations were made by Journet and Douce (3) for cauliflower bud plastids. In contrast to the work of Mazliak et al. (6) but in agreement with other studies (3, 20) , it appears that the mitochondria of roots and other nonphotosynthetic tissues have, if any, a relatively minor role in fatty acid biosynthesis. Further work is necessary to fully characterize pea root plastids for their capacity for fatty acid synthesis and glycerolipid metabolism.
